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( 57 ) ABSTRACT 
One broad aspect of the invention features a display case 
door . The display case door includes a transparent panel 
assembly , hinges , a camera , and a sensor . The hinges are 
coupled at a first peripheral edge of the transparent panel 
assembly . The camera is coupled to the transparent panel 
proximate to a second peripheral edge of the transparent 
panel assembly opposite the first peripheral edge . The cam 
era is arranged to capture images of the interior of a display 
case with the display case door mounted to the display case . 
The sensor is coupled to the transparent panel assembly , and 
is in electronic communication with the camera . The sensor 
is configured to generate a signal that indicates that the 
display case door is in an open position . The camera is 
configured to capture an image of the interior of the display 
case based on the signal generated by the sensor . 

19 Claims , 4 Drawing Sheets 
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DISPLAY CASE DOOR WITH INTERIOR In some implementations , the camera is arranged to 
FACING CAMERA capture images of the interior of the display case through the 

transparent panel assembly . 
CROSS - REFERENCE TO RELATED In some implementations , the transparent panel assembly 

APPLICATION 5 is a vacuum insulated glass assembly . 
In some implementations , the transparent panel assembly 

This application claims priority under 35 U.S.C. $ 119 to is a gas filled panel assembly . 
U.S. Application Ser . No. 62 / 740,904 , filed on Oct. 3 , 2018 , Another aspect of the invention features a method of 
and entitled “ Display Case Door with Interior Facing Cam monitoring product inventory . The method includes obtain 
era , ” the entire contents of which is incorporated by refer- 10 ing , from a sensor mounted on a display case door , a signal indicating that the display case door is in an open position ence herein . and , in response to the signal , causing a camera mounted on 

BACKGROUND the display case door to capture an image of an interior of a 
display case to which the display case door is mounted . 

Refrigerated enclosures are used in commercial , institu 15 Other implementations of this aspect include corresponding 
systems , apparatus , and computer programs , configured to tional , and residential applications for storing and / or dis 

playing refrigerated or frozen objects . Refrigerated enclo perform the actions of the methods , encoded on computer 
storage devices . These and other implementations can each sures may be maintained at temperatures above freezing optionally include one or more of the following features . ( e.g. , a refrigerator ) or at temperatures below freezing ( e.g. , In some implementations , the sensor is an accelerometer . 

a freezer ) . Refrigerated enclosures have one or more ther- In some implementations , the sensor is configured to 
mally insulated doors or windows for viewing and accessing generate the signal upon detecting that the door is open by 
refrigerated or frozen objects within a temperature - con- a threshold amount . 
trolled space . Doors for refrigerated enclosures generally In some implementations , the camera is arranged such 
include thermally insulated glass panel assemblies . 25 that at least a majority of shelves contained within the 

Restocking such refrigerated enclosures is generally done display case are within the field of view of the camera when 
from the rear of the enclosure , by a stocking clerk . Real - time the door is open by a threshold amount . 
monitoring of customer access to such refrigerated enclo- In some implementations , the camera is arranged to 
sures and of the contents of such refrigerated enclosures can capture images of the interior of the display case through a 
be challenging , which often result in refrigerated items 30 transparent panel assembly of the display case door . 
failing to be properly stocked . Improvements are sought in Some implementations include determining door operat 
monitoring the contents of refrigerated enclosures , monitor ing metrics based on the signal . In some implementations , 
ing usage of refrigerated enclosures , and managing store door operating metrics include a number of times that the 
inventories . door is open , a frequency at which the door is open , or a time 

35 at which the door is open . 
SUMMARY Another aspect of the invention features a display case 

door system that includes a transparent panel assembly , 
One broad aspect of the invention features a display case hinges , a camera , a sensor , at least one processor , and a data 

store . The hinges are coupled at a first peripheral edge of the door with an interior facing camera . The display case door 40 transparent panel assembly . The camera is coupled to the includes a transparent panel assembly , hinges , a camera , and transparent panel proximate to a second peripheral edge of a sensor . The hinges are coupled at a first peripheral edge of the transparent panel assembly opposite the first peripheral 
the transparent panel assembly . The camera is coupled to the edge . The camera is arranged to capture images of the transparent panel proximate to a second peripheral edge of interior of a display case with the display case door mounted the transparent panel assembly opposite the first peripheral 45 to the display case . The sensor is coupled to the transparent 
edge . The camera is arranged to capture images of the panel assembly . The at least one processor is in electronic 
interior of a display case with the display case door mounted communication with the sensor and the camera . The data 
to the display case . The sensor is coupled to the transparent store is coupled to the at least one processor . The data store 
panel assembly , and is in electronic communication with the includes instructions stored thereon which , when executed 
camera . The sensor is configured to generate a signal that 50 by the at least one processor , cause the processor to perform 
indicates that the display case door is in an open position . operations to obtain from the sensor a signal indicating that 
The camera is configured to capture an image of the interior the display case door is in an open position . The data store 
of the display case based on the signal generated by the also includes instructions stored thereon which , when 
sensor . This and other implementations can each optionally executed by the at least one processor , cause the processor 
include one or more of the following features . 55 to perform operations in response to the signal , causing the 

In some implementations , the display case door includes camera to capture an image of the interior of a display case . 
a door frame extending about and secured to a second The concepts described herein may provide several 
peripheral edge of the panel assembly . In some implemen- advantages . For example , implementations of the invention 
tations , the camera is coupled to the door frame . may provide better ability to monitor customer access and 

In some implementations , the sensor is an accelerometer . 60 use of display cases . Implementations of the invention may 
In some implementations , the sensor is configured to provide better ability to monitor stock of inventory con 

generate a signal upon detecting that the display case door tained within display cases , which may provide increased 
is open by a threshold amount . accuracy in purchasing and maintaining levels of inventory . 

In some implementations , the camera is arranged such Implementations may provide a self - contained inventory 
that at least a majority of shelves contained within the 65 management sensor system in a display case door . 
display case are within the field of view of the camera when The details of one or more embodiments of the invention 
the door is open by a threshold amount . are set forth in the accompanying drawings and the descrip 
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tion below . Other features , objects , and advantages of the authenticate the number and identity of objects contained 
invention will be apparent from the description and draw- within the display case using a database of images . 
ings , and from the claims . In some implementations , camera 14 can be communica 

bly coupled to an inventory management system . The inven 
BRIEF DESCRIPTION OF THE DRAWINGS 5 tory management system can receive images of the interior 

of display case 11 captured by camera 14 and use object 
FIG . 1 is a front view of an exemplary display case door . recognition algorithms on those images captured by camera 
FIG . 2 is a front view of two exemplary display case doors 14 to determine the identity and / or the quantity of the items 

mounted on a display case . contained within the display case . For example , the inven 
FIG . 3 is a top view of an exemplary display case door in 10 tory management system can use the images from the 

a closed position . camera to identify out - of - stock and low stock conditions . 
FIG . 4 is a top view of an exemplary display case door in Based on the images received from camera 14 and object 

recognition algorithms , the inventory management system an open position . can send electronic notifications to store employees regard Like reference symbols in the various drawings indicate 15 ing out - of - stock or low stock items . For example , upon like elements . detecting an out - of - stock condition or a low stock condition , 
the inventory management system can send an appropriate DETAILED DESCRIPTION notification to a user computing device . The notification can 
be sent in a proprietary format or a general format . A FIG . 1 illustrates an example implementation of a display 20 proprietary format notification can include a notification that case door 12. Display case door 12 includes a transparent is sent only to particular user computing devices associated panel assembly 10 , a door handle 15 , and a sensor 18 . with the store ( e.g. , Point - of - Sale devices ) or to computing Transparent panel assembly 10 can include one or more accounts associated with a store manager or store owner . A panels of transparent or substantially transparent glass , plas general format notification can include a notification sent in 

tics , or other transparent or substantially transparent mate- 25 a general format including , but not limited to , an SMS 
rials . Panel assembly 10 can include multiple layers of message or an e - mail message . These notifications can 
transparent panes . For example , panel assembly 10 can be a include , but are not limited to , information regarding the 
multi - pane unit having two panes separated by a gap , identity , quantity , and location of the out - of - stock or low 
forming a sealed glass unit ( SGU ) . Panel assembly 10 can be stock item . 
a vacuum insulated glass ( VIG ) assembly . For example , a 30 Sensor 18 is coupled to display case door 12. In the 
VIG assembly is an SGU in which the sealed space can be example implementation shown in FIG . 1 , sensor 18 is 
an evacuated space below atmospheric pressure . attached to door frame 13 along a first peripheral edge of 

Display case door 12 can include a door frame 13 extend- door 12 proximate to handle 15. In other implementations , 
ing about and secured to a peripheral edge of the transparent sensor 18 is attached to door 12 along a second peripheral 
panel 10. Door frame 13 can include an internal channel ( not 35 edge opposite the first peripheral edge proximate to handle 
shown ) configured to receive and cover power cables 24 that 15. In some implementations , sensor 18 can be coupled to 
provide power to camera 14. As further described in FIG . 2 , either of the parallel rods 16 or to handle bar 17. In other 
power cable 24 can enter display case door through an implementations , sensor 18 can be attached a housing or 
aperture or door hinge to connect camera 14 to a power cavity of the handle . Sensor 18 can include , but is not limited 

40 to , a contact switch , an accelerometer , a gyroscope , an 
Camera 14 is attached to display case door 12. Camera 14 ultrasonic sensor , an infrared sensor , or a combination 

can be located on the handle 15 or along the portion of frame thereof . Sensor 18 can be configured to detect when display 
13 proximate the handle - side peripheral edge of door 12. In case door 12 is in an open position . 
some implementations , camera 14 is attached to an outer FIG . 2 illustrates an exemplary display case door assem 
surface of handle 15. In other implementations , camera 14 is 45 bly 20 installed in a refrigerated display case 11. Display 
mounted inside a housing or cavity of handle 15. Camera 14 case door assembly 20 includes two display case doors 12 
can be coupled to either of parallel rods 16 or to handle bar pivotally mounted on display case 11 by door hinges 29. The 
17. In the example implementation shown in FIG . 1 , camera refrigerated display case 11 may be a refrigerator , freezer , or 
14 is coupled to a top rod 16a of handle 15. Handle 15 can other enclosure defining a temperature - controlled space . For 
include an aperture ( not shown ) that is configured to receive 50 example , refrigerated display case 11 may be a refrigerated 
a power cable 24 connected to and extending away from the display case or refrigerated merchandiser in grocery stores , 
camera to a power source ( not shown ) . supermarkets , convenience stores , florist shops , and / or other 
Camera 14 can be oriented to capture images of the commercial settings to store and display temperature - sensi 

interior of a display case 11 when door 12 is in an open tive consumer goods ( e.g. food products , flowers , and the 
position . In some implementations , camera 14 can be posi- 55 like ) . Refrigerated display case 11 can be used to display 
tioned to capture images of the interior of display case 11 products that must be stored at relatively low temperatures 
through the panel assembly 10. Camera 14 can be commu- and can include shelves , glass doors , and / or glass walls to 
nicably coupled to an image processing system ( not shown ) permit viewing of the products supported by the shelves . In 
configured to perform object recognition . For example , some implementations , refrigerated display case 11 is a 
images captured by camera 14 of the interior of the display 60 refrigerated display unit used , for example , in warehouses , 
case 11 can be sent to the image processing system , and the restaurants , and lounges . Refrigerated display case 11 can be 
image processing system can detect the presence of objects a free - standing unit or “ built - in ” unit that forms a part of the 
contained within the display case . The system can include building in which the refrigerated display case 11 is located . 
instructions that when executed by one or more processors The door frame 13 of each display case door 12 can 
of the system causes the system to perform object recogni- 65 include hinges 29 for pivotally mounting doors 12 on 
tion algorithms on the images captured by the camera . For display case 11. Top hinge 29a can be an electrical hinge 
example , the system can perform algorithms that analyze or from which one or more power cables 24 extend . For 

a 

source . 
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example , hinge 29a can include an electrical connector ( not In some implementations , sensor 18 can be communica 
shown ) from which each power cable 24 extends . In some bly coupled to a processing system ( not shown ) configured 
examples , the electrical connector includes a 120V frame to gather and analyze door operating metrics related to 
plug . In some implementations , bottom hinge 29b can be a opening of display case door 12. The processing system can 
gravity hinge and the top hinge 29a an electrical hinge . Door 5 include instructions to perform data analytics and record 
frame 13 can include a hinge rail 22 with top and bottom door operating metrics about customer interaction with the 
openings ( not shown ) that receive hinges 29 ( e.g. , pin display case each time the system receives a signal from 
hinges ) . For example , hinge 29a can be attached to the frame sensor 18. These metrics can include , but are not limited to , 
of display case door 12 and inserted into a top opening of the time at which display case door 12 is opened , the total 
hinge rail 22 to attach display case door 12 to display case 10 number of times display case door 12 is opened in a given 
11. In some examples , other electrical cables can extend time period , or the frequency of openings of door 12 for a 
from hinge 29a . For example , panel assembly 10 may given time period . In some implementations , the processing 
include an anti - condensation system that requires power for system can also include instructions to trigger electronic 
heating the assembly 10 ( e.g. , providing power to an electro- advertising in response to receiving a signal from sensor 18 . 
conductive coating ) , in which additional electrical conduc- 15 Implementations of the subject matter and the operations 
tors may provide such power . Display case door 12 can be described in this specification can be realized in analog or 
mounted to case 11 using any type of appropriate hinges digital electronic circuitry , or in computer software , firm 
such as knuckle hinges or ball bearing hinges . In some ware , or hardware , including the structures disclosed in this 
implementations , doors 12 can be sliding doors configured specification and their structural equivalents , or in combi 
to open and close by sliding with respect to the case frame . 20 nations of one or more of them . Implementations of the 
FIG . 3 illustrates display case 11 with door 12 in the subject matter described in this specification can be realized 

closed position . FIG . 4 illustrates display case 11 with door using one or more computer programs , i.e. , one or more 
12 in the open position . As shown in FIGS . 3 and 4 , display modules of computer program instructions , encoded on 
case 11 can be opened by applying force to door handle 15 , computer storage medium for execution by , or to control the 
causing door 12 to pivot about hinge 29. In other imple- 25 operation of , data processing apparatus . A computer storage 
mentations , display case 11 can be opened by sliding door 12 medium can be , or be included in , a computer - readable 
with respect to the case frame . Sensor 18 can be configured storage device , a computer - readable storage substrate , a 
to detect movement of door 12 from a closed position ( as random or serial access memory array or device , or a 
depicted in FIG . 3 ) to an open position ( as depicted in FIG . combination of one or more of them . Moreover , while a 
4 ) . Sensor 18 can include , but is not limited to , a contact 30 computer storage medium is not a propagated signal ; a 
switch , an accelerometer , a gyroscope , an ultrasonic sensor , computer storage medium can be a source or destination of 
an infrared sensor , or a combination thereof . In some imple- computer program instructions encoded in an artificially 
mentation , sensor 18 generates a signal when door 12 is generated propagated signal . The computer storage medium 
opened by a threshold amount 30. In some implementations , can also be , or be included in , one or more separate physical 
at least a majority of shelves contained within display case 35 components or media ( e.g. , multiple CDs , disks , or other 
11 are within the field of view 32 of camera 14 when door storage devices ) . 
12 is open by threshold amount 30. Sensor 18 can be The operations described in this specification can be 
configured such that sensor 18 will not generate a signal implemented as operations performed by a data processing 
when door 12 is in a closed position . In some implementa- apparatus on data stored on one or more computer - readable 
tions , sensor 18 can detect additional conditions , including , 40 storage devices or received from other sources . 
but not limited to , light levels , temperature , and humidity The term “ data processing apparatus ” encompasses all 
levels . Sensor 18 can be configured to share data with media kinds of apparatus , devices , and machines for processing 
players and / or personal computers through a universal serial data , including by way of example a programmable proces 
bus ( USB ) connection . In some implementations , sensor 18 sor , a computer , a system on a chip , or multiple ones , or 
is attached to a device that has a wireless Internet connection 45 combinations , of the foregoing . The apparatus can include 
( i.e. “ Wi Fi enabled ” device ) , and can send signals to remote special purpose logic circuitry , e.g. , an FPGA ( field pro 
computing devices using the wireless Internet connection . grammable gate array ) or an ASIC ( application - specific 

Sensor 18 can be communicably coupled to camera 14 . integrated circuit ) . The apparatus can also include , in addi 
For example , sensor 18 can transmit a signal to camera 14 tion to hardware , code that creates an execution environment 
to initiate camera 14 to capture images of the interior of 50 for the computer program in question , e.g. , code that con 
display case 11 when sensor 18 detects that display case door stitutes processor firmware , a protocol stack , a database 
12 is in an open position . Using the output of sensor 18 to management system , an operating system , a cross - platform 
synchronize the initiation of camera 14 to capture images runtime environment , a virtual machine , or a combination of 
provides several advantages . For example , initiating camera one or more of them . The apparatus and execution environ 
14 to capture images when sensor 18 detects that door 12 has 55 ment can realize various different computing model infra 
been opened by a threshold amount 30 ensures that at least structures , such as web services , distributed computing and 
a majority of the interior of display case 11 is within the grid computing infrastructures . 
camera's field of view 32 , which results in improved detec- A computer program ( also known as a program , software , 
tion of item identity and quantity when coupled with an software application , script , or code ) can be written in any 
image processing or inventory management system . Addi- 60 form of programming language , including compiled or 
tionally , using sensor 18 to trigger camera 14 to take images interpreted languages , declarative or procedural languages , 
when door 12 is in an open position synchronizes the images and it can be deployed in any form , including as a stand 
captured by camera 14 with events that are likely to result in alone program or as a module , component , subroutine , 
a change in inventory ( e.g. the opening of door 12 by a object , or other unit suitable for use in a computing envi 
customer ) . This synchronization of images with inventory- 65 ronment . A computer program can , but need not , correspond 
changing events allows for improved efficiency in inventory to a file in a file system . A program can be stored in a portion 
management . of a file that holds other programs or data ( e.g. , one or more 
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scripts stored in a markup language document ) , in a single 4. The display case door system of claim 1 , wherein the 
file dedicated to the program in question , or in multiple sensor is configured to generate the signal upon detecting 
coordinated files ( e.g. , files that store one or more modules , that the display case door is open by the threshold amount . 
sub - programs , or portions of code ) . A computer program can 5. The display case door system of claim 1 , wherein the 
be deployed to be executed on one computer or on multiple 5 camera is arranged to capture images of the interior of the 
computers that are located at one site or distributed across display case through the transparent panel assembly . 
multiple sites and interconnected by a communication net- 6. The display case door system of claim 1 , wherein the 
work . transparent panel assembly comprises a vacuum insulated 

The processes and logic flows described in this specifi- glass panel assembly . 
cation can be performed by one or more programmable 10 7. The display case door system of claim 1 , wherein the 
processors executing one or more computer programs to transparent panel assembly comprises a gas filled glass panel 
perform actions by operating on input data and generating assembly . 
output . The processes and logic flows can also be performed 8. The display case door system of claim 4 , wherein 
by , and apparatus can also be implemented as , special triggering the camera when the display case door is open by 
purpose logic circuitry , e.g. , an FPGA ( field programmable 15 the threshold amount ensures that at least a majority of the 
gate array ) or an ASIC ( application - specific integrated cir- interior of the display case is within a field of view of the 
cuit ) . camera when the image is captured . 

Devices suitable for storing computer program instruc- 9. The display case door system of claim 1 , wherein the 
tions and data include all forms of non - volatile memory , camera is not positioned parallel or perpendicular to the 
media and memory devices , including by way of example 20 second peripheral edge of the transparent panel assembly . 
semiconductor memory devices , e.g. , EPROM , EEPROM , 10. A computer - implemented product inventory method 
and flash memory devices ; magnetic disks , e.g. , internal executed by one or more processors , the method comprising : 
hard disks or removable disks ; magneto - optical disks ; and obtaining , from a sensor mounted on a display case door , 
CD - ROM and DVD - ROM disks . The processor and the a signal indicating that the display case door is opened 
memory can be supplemented by , or incorporated in , special 25 angularly by a threshold amount along one or more 
purpose logic circuitry . hinges coupled at a first peripheral edge of the display 

Thus , particular implementations of the subject matter case door ; and 
have been described . Other implementations are within the in response to receiving the signal , initiating a camera 
scope of the following claims . In some cases , the actions mounted on the display case door and triggering the 
recited in the claims can be performed in a different order 30 camera to capture an image of an interior of a display 
and still achieve desirable results . In addition , the processes case to which the display case door is mounted , 
depicted in the accompanying figures do not necessarily wherein the camera is coupled to the display case door 
require the particular order show or sequential ler , to at an angle relative to a second peripheral edge of the 
achieve desirable results . In certain implementations , mul- display case door opposite the first peripheral edge such 
titasking and parallel processing can be advantageous . that at least a majority of shelves contained within the 

The invention claimed is : interior of the display case are within a field of view of 
1. A display case door system comprising : the camera when the display case door is opened 
a display case door comprising : angularly along the hinges by the threshold amount . 

a transparent panel assembly ; and 11. The method of claim 10 , wherein the sensor comprises 
hinges coupled at a first peripheral edge of the trans- 40 an accelerometer . 

parent panel assembly ; 12. The method of claim 10 , wherein the camera is 
a camera coupled proximate to a second peripheral edge arranged to capture images of the interior of the display case 

of the transparent panel assembly , the second periph- through a transparent panel assembly of the display case 
eral edge being opposite the first peripheral edge , door . 
wherein the camera is coupled to the display case door 45 13. The method of claim 10 , further comprising deter 
at an angle relative to the second peripheral edge such mining , based on the signal , door operating metrics . 
that at least a majority of shelves contained within an 14. The method of claim 13 , wherein the door operating 
interior of a display case are within a field of view of metrics include a number of times that the display case door 
the camera when the display case door is opened is open , a frequency at which the display case door is open , 
angularly along the hinges by a threshold amount to 50 or a time at which the display case door is open . 
capture images of the interior of the display case with 15. The method of claim 10 , wherein triggering the 
the display case door mounted to the display case ; and camera when the display case door is open by the threshold 

a sensor coupled to the transparent panel assembly and in amount ensures that at least a majority of the interior of the 
electronic communication with the camera , the sensor display case is within a field of view of the camera when the 
configured to generate a signal that indicates that the 55 image is captured . 
display case door is in an open position ; 16. A display case door system comprising : 

wherein the camera is initiated and triggered to capture an a display case door comprising : 
image of the interior the display case in response to a transparent panel assembly ; and 
receiving the signal generated by the sensor indicating hinges coupled at a first peripheral edge of the trans 
that the display case door is in the open position . parent panel assembly ; 

2. The display case door system of claim 1 , further a camera coupled proximate to a second peripheral edge 
comprising a door frame extending about and secured to , at of the transparent panel assembly , the second periph 
least , the second peripheral edge of the transparent panel eral edge being opposite the first peripheral edge , 
assembly ; wherein the camera is coupled to the display case door 

wherein the camera is coupled to the door frame . at an angle relative to the second peripheral edge such 
3. The display case door system of claim 1 , wherein the that at least a majority of shelves contained within an 

sensor comprises an accelerometer . interior of a display case are within a field of view of 
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the camera when the display case door is opened 
angularly along the hinges by a threshold amount to 
capture images of the interior of the display case with 
the display case door mounted to the display case ; 

a sensor coupled to the transparent panel assembly ; 
at least one processor in electronic communication with 

the sensor and the camera ; and 
a data store coupled to the at least one processor having 

instructions stored thereon which , when executed by 
the at least one processor , causes the at least one 10 
processor to perform operations comprising : 
obtaining , from the sensor , a signal indicating that the 

display case door is open by the threshold amount ; 
and 

in response to receiving the signal indicating that the 15 
display case door is open by the threshold amount , 
initiating the camera and triggering the camera to 
capture an image of the interior of a display case . 

17. The display case door system of claim 16 , wherein the 
sensor comprises an accelerometer . 

18. The display case door system of claim 16 , wherein the 
camera is arranged to capture images of the interior of the 
display case through a transparent panel assembly of the 
display case door . 

19. The display case door system of claim 16 , wherein the 25 
camera is not positioned parallel or perpendicular to the 
second peripheral edge of the transparent panel assembly . 

20 
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